Summary: We introduce cgHeliParm, a python program that provides the conformational analysis of Martini-based coarse-grained double strand DNA molecules. The software calculates the helical parameters such as base, base pair and base pair step parameters. cgHeliParm can be used for the analysis of coarse grain Martini molecular dynamics trajectories without transformation into atomistic models. Availability and implementation: This package works with Python 2.7 on MacOS and Linux. The program is freely available for download from https://github.com/ifaust83/cgheliparm. Together with the main script, the base reference files CG_X_std.lib, a number of examples and R scripts are also available from the same website. A tutorial on the use and application is also available at
Introduction
The increasing number of high-resolution structures have shown that there are local, sequence-dependent deformations that influence DNA and RNA interactions with other molecules. These local movements between neighboring base pairs affect groove width, curvature and rigidity, which influences the interaction with other molecules. The analysis of the conformational variability of nucleic acids in computational studies is currently well established. Molecular dynamics (MD) applied to nucleic acids is rapidly evolving and has become an excellent tool for the study of their structural and dynamic properties (Pasi et al., 2014; Dans et al., 2016) . In the last decade, several mesoscopic models of double strand DNA/RNA (dsDNA/dsRNA) have been developed with the aim of describing the nucleic acids flexibility. These low-resolution models allow to handle large nucleic acids systems and simulation times of hundreds of microseconds, but for most of them, local structure information is lost due to the reduction in the number of effective beads used to represent each nucleotide. In the coarse grain (CG) Martini DNA model (Uusitalo et al., 2015) , which was created following the philosophy of the Martini force field (Marrink et al., 2007; Marrink and Tieleman, 2013) , each nucleotide is mapped to six or seven CG beads. Presently, two software tools, 3DNA (Lu and Olson, 2003) and Curvesþ (Lavery et al., 2009) are mainly used to analyze the physical descriptors of nucleic acids of atomistic MD trajectories. However, these packages cannot be used to directly analyze CG trajectories (xtc) and structure (pdb or gro) files generated by GROMACS (Pronk et al., 2013) .
Therefore, we introduce the cgHeliParm package, which directly reads CG Martini GROMACS input files using the MDAnalysis package (Michaud-Agrawal et al., 2011) , calculates physical descriptors and generates output files without conversion into atomistic resolution. These files can be further used for statistical analyses. Applications Note cgHeliParm uses a least-squared fitting of each CG base on the experimentally-derived geometry (Olson et al., 2001) . This approach alleviates possible distortions in base geometries derived from crystal and computational models. cgHeliParm.py calculates then the local rigid-body parameters using a matrix-based approach following the algorithm implemented in SCHNAaP and 3DNA (Lu et al., 1997, Lu and Olson, 2003) . The calculated base pair and base pair step frames allow direct comparison of the reference frames derived from atomistic and coarse-grained models (Fig. 1A) . The main difference between the two representations lies on the number of nucleobase beads that are used to define the associated base reference frame, which is uniquely defined by the position and orientation of each nucleobase. Currently, base pair parameters, base pair step parameters and, local helical parameters can be calculated with the cgHeliParm.py program.
The cgHeliParm package consist of the cgHeliParm scripts and the library files that contains the geometries of Martini coarsegrained residues. cgHeliParm.py is written in Python 2.7 and uses the mdreader (Melo et al., 2015) subclass in MDAnalysis, which is compatible only with Python 2.7, to read and parse the required input files. The script requires a string similar to the ones for GROMACS tools, consisting of a topology-parameter file (pdb, tpr or gro), a trajectory file (xtc) and the output file name used to create the text output files. Additionally, information about the time to begin and to end the analysis can be provided. The library files include the PDB formatted files of CG DNA nucleobases as standard reference frames to perform the least-squares fitting on the trajectory nucleobase structure. Moreover, an adapted version to analyze PDB formatted files and gro files from CG Martini MD simulations is provided separately (cgHeliParm_PDB.py). cgHeliParm also uses the external Python module NumPy (van der Walt et al., 2011) to perform coordinate matrix calculations more efficiently.
The current version of cgHeliParm.py is able to analyze around 85 snapshots/second of an 18-mer dsDNA molecule on a 3.5GHz Intel Xeon processor and 16GB system memory. The output consists of a list of files for every parameter where the time evolution for each base pair and base pair step is written. Output files can be generated without format (.txt) or in JSON data format (.json). The unformatted files are similar to that obtained from Curvesþ, which will allow users to easily produce graphical outputs with R or Gnuplot. In addition, R scripts are included in the package to calculate general statistical values and to create the corresponding histograms. A tutorial is provided online at http://cgmartini.nl/ index.php/tutorials-general-introduction/tutorial-martini-dna.
3 Discussion cgHeliParm was tested with two crystallographic structures that show B-DNA and A-DNA conformations respectively (pdb codes: 1bna and 1d13) (Wing et al., 1980; Frederick et al., 1989) . We compared the helical parameters obtained using cgHeliParm with the values from 3DNA and Curvesþ (Fig. 1B) . cgHeliParm showed to be precise with small differences for translational and rotational base pair step parameters (0.02 Å and 0.2 , respectively).
However, we found bigger differences in the local helical parameters. This is related to the definition of the local helix, which imitates the one defined in 3DNA. Therefore, these differences are smaller with 3DNA compared with Curvesþ. We also tested cgHeliParm for the analysis of a MD trajectory of a CG nucleosome (pdb code: 1kx5). The results from 1 ms length trajectory of the CG nucleosome structure were compared with 100 ns of atomistic MD simulation ( Supplementary Fig. S1 ). Both roll and twist helical parameters presented sinusoidal functions with a periodicity around 10-11 base pairs in simulations (Chua et al., 2012; Biswas et al., 2013) . The analysis also showed the 2-fold symmetry around the dyad axis as in the experimental structure.
Overall, the main advantage of cgHeliParm is that the tool allows the direct analysis of coarse-grained DNA trajectories avoiding an additional transformation to atomistic resolution. The user will also notice how easy it is to run the software since it uses the same syntax of GROMACS tools.
Conclusions
The cgHeliParm package can be used to analyze the helical conformations of coarse-grained dsDNA structures and MD trajectories and eventually, other chemically modified residues embedded. It adopts the standard reference frame for nucleobases and produces similar results when compared with 3DNA or Curvesþ. It also lays the foundations for the analysis of CG dsRNA molecules (Uusitalo et al., 2017) .
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